ABSTRACT A study was undertaken to examine the circadian rhythm of peak flow rate in asthmatic and normal children in the community by means of cosinor analysis. An initial study of 12 matched pairs of asthmatic and normal children was used to determine the mean amplitude of peak expiratory flow (PEF) variability in the two groups (7-8% and 4-4%) and the number of subjects required to show a significant difference. On the basis of this study 37 community based children with asthma diagnosed by questionnaire and 40 control subjects measured PEF four times daily for 14 days. Cosinor analysis of the data produced a significant fit in 20 asthmatic and 18 control children. A small but significant difference in amplitude was observed between the asthmatic (6 2%) and the control (4-2%) children. There was no significant phase difference between the rhythms in the two groups. Cosinor analysis explained 14% of PEF variance. It did not provide a reproducible estimate of phase between week I and week 2; the acrophase changed by more than one hour in 26 of the 37 asthmatic children. The cosinor model may be inappropriate for the investigation of low amplitude circadian rhythms, especially when measurements are made infrequently.
Introduction
Many human biological systems, including airway calibre, show a circadian rhythm. This may be because the airways are passively influenced by the rhythm of related endogenous systems or because they respond directly to cyclically varying exogenous stimuli.
Cosinor analysis has been used to characterise the circadian rhythm of peak expiratory flow (PEF) in asthmatic and normal subjects.' Adult asthmatic patients have a rhythm of PEF variation that is in phase with the rhythm that may be detected in nonasthmatic control subjects but the amplitude of variation is greater. Two uncontrolled studies of asthmatic children have also shown a circadian rhythm in PEF on the basis of cosinor analysis.34 The rhythm in children was shown to be in phase with that described in adult asthmatic subjects with the bathyphase occurring between 24.00 and 08.00 hours. The proportion of children in whom a rhythm could be detected and the mean amplitude of the rhythm were, however, dissimilar in the two studies. This may be due to selection ofpatients as one series looked at hospital outpatients4 and the other at a community sample of children whose asthma was diagnosed by questionnaire. The amplitude of PEF variation increases around the time of an acute exacerbation of asthma in adults,2 and this may account for the larger amplitude of rhythms detected in asthmatic patients in hospital convalescing from acute asthma. As might therefore be predicted, the amplitude of PEF circadian rhythm has been shown to correlate with mean PEF. 4 It is not therefore clear whether the differences observed in the circadian rhythm of PEF reflect a fundamental difference in the biological rhythm of airways calibre between asthmatic and non-asthmatic subjects or whether the differences are related to changes associated with a recent attack ofasthma. The present study examines the PEF circadian rhythm in clinically stable asthmatic children and non-asthmatic control subjects to determine whether asthma is characterised by a fundamental difference in the amplitude or phase of PEF rhythm.
Methods
The studies were approved by Bristol In a pilot study six children with stable asthma drawn from an asthma clinic and five control subjects measured PEF hourly for two separate 24 hour periods. The cosinor model explained an average of 35% of the PEF variance in these children and fitted the data significantly in five of eleven 24 hour records from the asthmatic subjects and in seven of nine 24 hour records from the control subjects.
All other studies were carried out in a sample of children from the community, a questionnaire being used to diagnose asthma.7 Control subjects were taken from the non-asthmatic population without reference to other atopic features. PILOT 
STUDY
Analysis of replies to a questionnaire from 300 pupils aged 7-11 years in one Bristol primary school identified 19 children with asthma. These were matched for sex, school class, and age with 19 non-asthmatic respondents. Each pair of children measured PEF at the same 29 set times over nine days. The times were chosen so that PEF was measured at four hourly intervals during each oftwo consecutive weekends and at eight hourly intervals during the intervening week.
Power analysis of these data was used to predict the numbers required for a larger study to ensure that a small amplitude difference between asthmatic and control subjects would be detected.
The study was carried out in June and July 1987, a time that includes the Bristol grass pollen season. One asthmatic patient had previously been diagnosed as having grass pollen allergy (a further five having symptoms of allergic rhinitis in the pollen season).
MAIN STUDY
The asthma questionnaire was sent to 800 pupils in three Bristol primary schools. Fifty asthmatic children were identified. Fifty non-asthmatic children from the remaining pupils were matched with them to act as controls.
The children were asked to measure their PEF four times daily for a predetermined two weeks. They were instructed to make one PEF measurement on waking and one on retiring plus two other measurements at intervals during the day. The times chosen on day 1 were used for all subsequent study days. The children were also asked to record day time symptoms, nocturnal symptoms, and symptomatic bronchodilator use on an asthma diary card. The school nurse provided an independent record of absences due to respiratory illness in the previous term for each child taking part in the study.
The data were collected in February and March 1988.
ANALYSIS
The goodness of fit of the PEF data (that is, the deviations from individual means) to a cosinor model was tested by the F ratio. The amplitude of the deviations was normally distributed in the asthmatic and control groups. Amplitude was compared in the matched pair children by Student's paired t test and in all other groups by the non-paired t test. Acrophase was compared in the matched pair children by the signed rank sum test and in the other children by the Mann-Whitney U test. Comparisons of symptoms and days off school were by the Mann-Whitney U test.
Results

PILOT STUDY
Twelve pairs (five male, seven female) of asthmatic and control children completed the pilot study. The mean (SD) age of the asthmatic children was 10 years I month (8 m) and of the control children 9 years 10 months (8 m). The pairs were completely matched for school class and sex. None of the control children was taking medication. Five of the asthmatic children were taking beta agonists as required and four were having regular prophylactic treatment (two slow release theophylline, one cromoglycate, and one inhaled corticosteroids). Three were having no treatment. The mean amplitude derived from cosinor analysis 411 (percentage deviation of PEF measurements from the mesor) was 7-8% for the asthmatic subjects and 4-4% for the control group (p = 0-08). When amplitude was taken as the difference between the highest and the lowest reading of the day as a percentage of the day's mean the differences were significant (18-4% v 9-6%; p < 0.02).
MAIN STUDY
Thirty seven of the asthmatic and 40 control subjects successfully completed the main study. The asthmatic subjects consisted of 16 girls and 21 boys (mean age 9 years 10 months) and the control subjects consisted of 19 girls and 21 boys (mean age 9 years 6 months). None of the control subjects was taking medication. Eleven of the asthmatic subjects were receiving no treatment for their chest, 14 were taking beta agonists as required, and nine were receiving regular treatment (six inhaled steroids, two slow release theophylline,---and one a combination).
The children with asthma had greater disability than the non-asthmatics in terms of day time or nocturnal symptoms. The median (range) of day time symptoms for the two weeks (total possible 112) was 15 (0-57) in the asthmatic children compared with 0 (0-27) in the control children (p < 0-001); the median nocturnal symptom scores (total possible 42) were 1-5 (0-23) and 0 (0-6) (p < 0-001). The asthmatic children also had more days off school in the preceding term (5 (0-23) days) than the control subjects (2 (0-13) days; p = 0.02). There was no significant difference in mean PEF as a percentage of that predicted from height (96% in the asthmatic subjects, 106% in the control subjects). Henderson, Carswell Amplitude of PEF circadian rhythm Twenty of the 37 asthmatic PEF records and 18 of the 40 control PEF records fitted the cosinor model significantly (F test, p < 0-05). The model explained 14% of the PEF variance in the main series. The mean (SEM) amplitude of variation derived from cosinor analysis was 6-2% (0-6%) in the asthmatic subjects and 4-2% (0-4%) in the control subjects. The cosinor amplitude was higher in the asthmatic subjects (p < 0.01).
When amplitude was calculated as the difference between extreme readings as a percentage of the mean the values were greater in the asthmatic than the control subjects (12.5% v 8-8%; p < 0 02).
The amplitude of circadian variation was greater in the asthmatic subjects taking bronchodilator drugs as required (mean (SEM) 7-8% (0.9%) than in those having no treatment (mean 4-1% (0 9%); p < 0.01). There were no differences in mean amplitude between the patients receiving regular treatment (5 9% (1-6%)) and the other two groups. No significant correlations were found between the amplitude of PEF circadian rhythm and the subjective day and night time symptoms or the number of days off school for illness in the preceding school term.
Phase ofPEF circadian rhythm In the main study the distribution of the acrophases in the asthmatic and control groups was bimodal. Almost as many asthmatic and control subjects had a peak between 24-00 and 08-00 hours (nocturnal peak) as had a peak between 12-00 and 20 00 h (nocturnal dip) (fig 1) . The distribution of the acrophase was not dependent on the goodness of fit of the sine approxi-CONTROL 1 09
7. mation as the distribution showed a similar bimodal pattern when the non-significant rhythms were excluded. There was no significant difference in the median acrophase between the two groups (p = 0 6). There were no differences in daytime or noctural symptoms between the asthmatic subjects with a predicted acrophase between 24 00 and 12-00 h and those with a predicted acrophase between 12-00 and 24 00 h.
Each of the two week PEF records was analysed independently by cosinor analysis to assess the within subject reproducibility. There was no significant difference in amplitude between the first and second weeks, the mean difference being 1-89%. There was also no significant difference in the median acrophase in week 1 (17 25 h) and week 2 (14 59 h). In only 10 of the 37 subjects, however, was the phase within one hour of that found in the previous week; 10 had a phase shift of 1-6 hours and 12 had a phase shift of 6-12 hours (fig 2) .
Discussion
Using a sinusoid model of circadian rhythm of peak flow, we have found a significantly greater amplitude in a community sample of asthmatic children than of non-asthmatic control subjects. The amplitude of variation observed in this study was lower than that previously described in asthmatic children34 and the difference between the group mean amplitudes was smaller than that reported in adults.' Several factors may have contributed to this finding. Our community population, like that observed by Johnston and others,3 is likely to have included a greater proportion of children with mild asthma than hospital based populations. The amplitude of PEF circadian variation is increased after an acute exacerbation of asthma" and this may explain the large amplitudes reported in adult patients convalescing from acute asthma.' This phenomenon may be related to an increase in bronchial hyperreactivity'°in addition to a reduction in mean PEF. 4 The community basis of our study may have led to the identification of more asthmatic children with less substantial bronchial reactivity and a high baseline PEF, who would therefore be expected to have a lower amplitude of PEF circadian rhythm than patients with a recent exacerbation of their asthma.
One of the advantages of cosinor analysis over simpler mathematical models is that the phase of the 414 rhythm can be calculated. In keeping with other studies of PEF variability, ours has found no difference in phase between the rhythms of asthmatic and control subjects. The expected bathyphase is reported to occur between the hours of24 00 and 08 00 hours, which was the case in about half of each group in our study. The bimodal distribution of the acrophases was unexpected and is not explained by the exclusion of data that provided a poor fit to a sine curve (included in fig 1) .
Cosinor analysis was selected for this study as it offers an attractive method of identifying predictable rhythms within a time series of unequally spaced data within which a large amount of biological noise might be expected. It 
